A search for the Standard Model Higgs boson with the ATLAS experiment at the LHC is presented. The pp collisions datasets correspond to an integrated luminosity of up to 4.9 fb −1 collected at √ s = 7 TeV in 2011, and up to 5.9 fb −1
Introduction
The ATLAS detector [1] was built to observe a wide spectrum of events from proton-proton (pp) collisions produced at the Large Hadron Collider (LHC). In the Standard Model (SM) [2] [3] [4] , electroweak symmetry breaking is provided by the Higgs mechanism, resulting in a new particle referred to as the Higgs boson [5] [6] [7] [8] [9] [10] . While the production cross section and branching ratios can be determined for a given Higgs boson mass, m H , the actual value of the Higgs boson mass is not known and the search must be performed over a wide range of Higgs boson masses. The combined LEP limit [11] excludes a SM Higgs boson with a mass below 114. 4 GeV at 95% CL, so ATLAS searches are performed for Higgs boson masses over 100 GeV.
Searches for the SM Higgs boson are being performed by the ATLAS Collaboration in several search channels based on the decay modes of the Higgs boson, as well as decays of subsequent vector bosons and tau leptons. The search channels are further broken down according to lepton flavor, presence of additional jets, kinematic regions, and other factors to enhance the sensitivity. An overview of the search channels is given in Table 1 .
For the analyses presented in this paper, the overall signal strength factor µ, which acts as a scale factor on * Speaker
Email address: robert.duane.harrington.jr@cern.ch (Robert D. Harrington) the total rate of signal events, is determined for each Higgs boson mass hypothesis. The signal strength is defined such that µ = 0 corresponds to background only, and µ = 1 corresponds to the SM Higgs boson signal in addition to the background. The fitting procedure used for individual analyses and the combination [12] [13] [14] [15] is based on the profile likelihood ratio test statistic λ(µ) [16] . The test statistic allows to extracts the signal strength from the full likelihood which includes systematic uncertainties and their correlations. Exclusion limits are based on the CL s prescription [17] such that a value of µ is regarded as excluded at the 95% confidence level (CL) when CL s is less than 5%.
In 2011, the LHC delivered to the ATLAS detector an integrated luminosity of 5.6 fb −1 of pp collisions at a centre-of-mass energy of 7 TeV. Between 4.6 and 4.9 fb −1 (depending on the data quality requirements of the specific channels) were used for 2011 analyses. These analyses performed on 2011 data were combined to report the indication of an excess with a mass near 126.5 GeV with a local significance of 2.0 standard deviations (σ) [12] . The global probability for the background to create an excess of this significance in the mass range of 110-600 GeV was estimated to be ∼15%. The mass ranges from 110.0 to 117.5, 118.5 to 122.5, and 129 to 539 GeV were excluded at 95% CL.
As of July 2012, the LHC has delivered to the AT-LAS detector an integrated luminosity of 6.6 fb −1 at a centre-of-mass energy of 8 TeV. The higher centre-ofmass energy gives greater sensitivity to Higgs analy-ses since in most cases signal production cross sections increase more with higher centre-of-mass energy than background production cross sections. In addition, the instantaneous luminosities were higher in 2012 than in 2011, with peak luminosities almost double those of 2011 for the same 50 ns bunch spacing. Higher integrated luminosities give greater sensitivity, but they come with larger numbers of pp collisions per bunch crossing (pile-up). The H → γγ was shown to be relatively insensitive to pile-up, while the H → ZZ ( * ) → 4l analysis has been improved to increase pile-up robustness. These analyses have been updated with 5.8 and 5.9 fb −1 of the 2012 8 TeV data, respectively.
2011 High Mass Higgs Boson Searches
In 2011, searches were performed up to 600 GeV in the following channels:
of all channels was expected to allow exclusion at a 95% confidence level (CL) from 120-560 GeV. The actual excluded range using 2011 data alone was 129.2 to 541 GeV. The combined exclusion plot is shown in Figure  1 . 
2011 H
is a promising channel in spite of the low branching fraction. Three channels were analysed based on the decay of the τ leptons (τ lep τ lep , τ lep τ had , τ had τ had ), and these three channels were further subdivided with selections requiring jets to enhance the boost of the Higgs boson. Requiring a boosted Higgs boson aids in τ identification since the τ leptons are closer together, and τ decay products are more well collimated. 4.7 fb −1 of 2011 data were analysed. As shown in Figure 3 , no significant excess was observed, and an upper limit was placed on Higgs boson production of 3.2 to 7.9 ×σ S M at 95% CL. Obs. Exp. Figure 5 shows the fit of the data to the m 4l templates for signal at 3 values of m H and backgrounds for all categories combined.
The analysis was improved over the 2011 analysis [23] through changes to selection cuts and electron reconstruction and identification to improve the sensitivity by 20-30%. The resulting exclusion range was 131-162 and 170-460 GeV at 95% CL. An excess was observed at 125 GeV with a local significance of 3.4σ, and a global significance of 2.5σ taking into account the look-elsewhere effect over the range 110-141 GeV ( Figure 6 ). The fitted signal strength at 125 GeV was µ = 1.3 ± 0.6. 
2011+2012 H → γγ
The H → γγ search [24] was performed in the mass range 110 to 150 GeV using integrated luminosities of 4.9 fb −1 of 7 TeV 2011 data and 5.9 fb −1 of 8 TeV 2012 data. Nine categories were used in the likelihood based on the pseudorapidity of each photon, whether it was reconstructed as a converted or unconverted photon, and the di-photon momentum transverse to the diphoton thrust axis. A tenth category was used requiring 2 jets to enhance the contribution from vector boson fusion (VBF). The shape of the m γγ distribution for the signal component of the likelihood was modelled with the sum of a Crystal Ball and Gaussian fit to Monte Carlo simulation. The background likelihood shapes were datadriven and modelled, depending on the category, as an exponential function, a fourth-order polynomial or an exponential function of a second-order polynomial. Figure 7 shows the level of agreement between the data and the signal + background model for all categories combined. The ranges 112-122.5 and 132-143 GeV were excluded with 95% CL, and an excess was observed at 126.5 GeV with a local significance of 4.5σ ( Figure 8 ) and a fitted signal strength of µ = 1.9 ± 0.5. The global significance taking into account the look-elsewhere effect over the range 110-150 GeV was 3.6σ.
Combined Results
The 2011 results for all channels, as well as the updated results using 2011 and 2012 data for H → ZZ ( * ) → 4l and H → γγ, were combined [25] to give an exclusion in the ranges of 110 to 122.6 GeV and 129.7 to 558 GeV at 95% CL ( Figure 9 ). An excess was observed at 126.5 GeV with a local significance of 5.0σ (Figure 10 ). The best-fit value of signal strength was µ = 1.2 ± 0.3 (Figure 11) . The global significance taking into account the look-elsewhere effect over the range of 110-600 (110-150) was 4.1(4.3)σ. Lastly, the H → ZZ ( * ) → 4l and H → γγ channels were used to obtain the contour plots in Figure 12 . 
